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ABSTRACT 

Bear Lake was restocked with 224,600 age 0.0 coho salmon, Oncorhynchus 
kisutch (Walbaum), f inger l ings  on June 10 and 14, 1976 t o  maintain 
smolt production. 

The Bear Creek weir downstream migrant t r a p  was operated continuously 
from May 25 through September 17. A t o t a l  of 93,311 age 1.0, 2.0 and 
3.0 coho smolts were enumerated. 

Smolt out-migration, timing and abundance, age and s i z e  compositions, 
condition factors ,  Bear Creek water temperatures and stream flows a re  
presented. The increase i n  Bear Lake's age 1.0 smolt production due t o  
lowered rear ing coho population levels  s ince  1975 is reviewed. 

The Resurrection Bay c ree l  census (July 8 - September 12) indicated an 
estimated 9,456 coho were harvested by 19,681 man-days of  e f f o r t .  The 
mean seasonal catch per  hour was 0.084 coho. Marked (fin-clipped) adul t  
coho contributed 22.0% t o  the  spor t  harvest.  Most of  these (58.2%) 
survived from the  100,700 age 1.0, hatchery-reared, AD-LV marked smolts 
planted i n  Seward Lagoon i n  May, 1975. Adult survival  of age 1.0, 2.0 
and 3.0 Bear Lake smolts, Ad marked and released a t  Bear Creek weir i n  
1975 comprised 9.2% of the  spor t  catch. Marked immature coho contr i -  
buted an addi t ional  3.6% t o  the  harvest .  These juveniles resul ted from 
100,600 age 1.0, hatchery-reared, Ad-LV marked smolts stocked i n  Seward 
Lagoon and 35,600 RV marked smolts released i n  Grouse Lake i n  May, 1975. 

The Bear Creek weir upstream migrant t r ap  was operated continuously from 
May 25 through November 30. The adul t  coho upstream migration extended 
from August 28 t o  November 14. The t o t a l  migration consisted of  509 age 
1.1, 2.1 and 3.1 Ad marked adul ts ,  51 unmarked adul ts ,  and 23 jacks. 
Marine survival  of age 1.1, 2.1 and 3.1 Bear Lake adul ts ,  including 155 
t ha t  spawned below the  weir, was 0.5%. The catch t o  escapement r a t i o  of  
marked Bear Lake adul t  coho was 1.18:l. Total smolt-to-adult survival  
of the  1975 Bear Lake smolt out-migration was 1.1%. The adu l t  male-to- 
female sex r a t i o  was 2 . 1 : l  i n  the  Bear Lake escapement. An estimated 



1,732,000 fe r t i l i zed  eggs were a r t i f i c i a l l y  spawned from 417 females and 
86 males from the Seward Lagoon and Bear Lake returns. 

Mean fecundity 

was 4,153 eggs per female. 

Data on the timing and abundance of other f i sh  species ascending and 
descending Bear Creek t o  the weir a re  presented. Minimum coho escape- 

ments i n  seven index streams are  discussed. 

BACKGROUND 

Wild coho, Oncorhynchus kisutch (Walbaum) , production i n  Resurrection 
Bay i s  believed t o  be direct ly  affected by the extreme fluctuations i n  
stream flows and water temperatures character is t ic  of i t s  drainage 
streams. Since 1961, the Resurrection Bay coho sport  fishery has been 
the largest  marine sport  fishery fo r  t h i s  species i n  Alaska. Therefore, 
there was a def ini te  need t o  s t ab i l i ze  Resurrection Bay coho production 
to  sa t i s fy  the rapidly growing angler demand i n  the fishery. 

Bear Lake, located seven miles north of Seward, was chosen f o r  coho 
rearing enhancement because it i s  the largest  (445 acres) s table  body of 
c lear  fresh water i n  the Resurrection River drainage, and is accessible 
by road. I t  was determined a f t e r  a survey i n  1962 tha t  Bear Lake should 
be rehabi l i ta ted with rotenone t o  eradicate a l l  predator and competitor 
f i sh  species inhabiting the lake. Without predation and in terspec i f ic  
competition it was believed that  Bear Lake would then produce a high 
sustained smolt yield from annual coho fingerling plants. 

Pre-rehabilitation species abundances were measured by a temporary weir 
s i tuated a t  the Bear Creek-Salmon Creek confluence from 1961 t o  1964. 
Upstream migrations averaged 921 adult coho, (1961-1964); 4,801 adult 
sockeye salmon, Oncorhynchus - nerka (Walbaum), (1961-1965); and 4,801 
adult Dolly Varden, Salvelinus malma (Walbaum), (1961-1962). Downstream 
migrations i n  1962-1963 averaged 7,933 coho smolts, 51,232 sockeye 
smolts, and 17,838 Dolly Varden. Though threespine stickleback, Gasteroste 
aculeatus (Linnaeus), downlitream migrations were not estimated a t  the 
weir, beach seine sampling indicated tha t  t h i s  species was abundant i n  
Bear Lake. 

Bear Lake was rehabili tated with powdered rotenone a t  1.0 ppm (5% level) 
on August 26, 1963. A 5-foot high dam was erected a t  the out le t  t o  
contain the t reated water un t i l  detoxification and to  prevent subsequent 
inunigration of undesirable species. Bear Lake detoxified by October 17, 
52 days a f t e r  the water was treated, and received i ts f i r s t  annual 
fingerling plant that  winter through the ice.  A l l  fingerling plants 
except the 1966 release were fin-marked a t  Fire Lake Hatchery t o  f a c i l i -  
t a t e  smolt survival evaluation. 

The Good Friday earthquake on March 27, 1964 destroyed the out le t  dam, 
which washed out completely on May 25. This allowed unobstructed entry 
of a l l  f i sh  ascending Bear Creek in to  Bear Lake un t i l  June 15, when the 
bar r ie r  was repaired. A permanent weir was constructed 1,750 fee t  
downstream from the out le t  t o  assess Bear Lake's coho smolt production 
and returning adult migrations. 



Bear Lake became reinfes ted with threespine sticklebacks. I t  is not 
known whether t h i s  was due t o  insuf f ic ien t  rotenone treatment o r  the  
destruction of the  ou t l e t  bar r ie r .  Also, Dolly Varden were able t o  
negotiate the  weir during f a l l  flood levels  and immigrate i n t o  the  lake 
during most years. 

Before rapid expansion of the  stickleback population occurred, Bear 
Lake's coho and sockeye smolt production increased several  fold  a s  a 
r e su l t  of favorable rearing conditions from 1964 t o  1966. Coho smolt 
biomass (weight) production a t ta ined 4.2 kilograms f o r  each kg of 
f inger l ings  planted i n  1964. Smolt age s t ructures  changed from pre- 
dominantly age 2.0 t o  age 1.0 with growth exceeding tha t  of former age 
2.0 smolts. Smolt survival  from stocked coho f inger l ings  reached 43.5% 
and 48.1% of the  1964 and 1965 plants ,  respectively.  Had suf f ic ien t  
coho fingerlings been available f o r  stocking Bear Lake a t  desired 
densi t ies  i n  1963-1965, coho smolt production undoubtedly would have 
been considerably higher. Bear Lake's enhanced smolt production in- 
creased pre-rehabi l i ta t ion abundances of adul t  sockeye and coho by 11 and 
3.5 fold, respectively,  f o r  one complete l i f e  cycle. 

Bear Lake's high smolt production was shor t  l ived,  however, due t o  the  
st icklebacksf rapid takeover of the  rearing environment beginning i n  
1967. Smolt age s t ruc tures  reverted t o  age 2.0 dominance, growth r a t e s  
declined and fingerling-to-smolt survivals lowered. Coho f inger l ing 
plants  were terminated a f t e r  1967 because smolt production was obviously 
dropping below pre-rehabi l i ta t ion levels .  By 1968, threespine s t i ck l e -  
backs had already reached pre-rehabi l i ta t ion abundance i n  the  lake. 

In 1969, it was decided t o  r ehab i l i t a t e  Bear Lake again. Stickleback 
population sampling i n  1970 showed t h a t  t h i s  species inhabited a l l  areas 
and depths i n  Bear Lake. Bear Creek weir was reconstructed i n  1969 and 
made en t i r e ly  f i sh- t igh t  by removing the  sloping upstream fence and 
adding three  permanent, perforated p l a t e  screens above the  upstream 
migrant trap.  

Bear Lake was rehabi l i t a ted  again i n  1971, and lake treatment was con- 
ducted essen t ia l ly  the  same as i n  1963 except 100% emulsified instead 
of powdered rotenone was used. Overall treatment level  was 1.6 ppm 
rotenone a t  5% concentration. Caged l i v e  f i sh  suspended from surface t o  
bottom (40 and 60 fee t )  were a l l  dead within one week. Population 
sampling two days following rehabi l i t ion  showed t h a t  threespine s t i ck le -  
backs comprised 98.8% of the  t o t a l  sample (n=9,065) col lected randomly 
on and around Bear lake. From t h i s  it was concluded t h a t  obtaining l e s s  
than t o t a l  lake rehabi l i t a t ion  i n  1963 ult imately resul ted i n  lower- 
than-normal salmon production i n  Bear Lake over the  long term. 

Bear Lake remained toxic  through the  winter of 1971-1972, and f i n a l l y  
detoxified shor t ly  a f t e r  spring overturn. Annual coho f inger l ing 
plants  i n  Bear Lake resumed i n  June, 1972 a t  desired stocking densi t ies .  
Resultant smolts were enumerated, sampled weekly f o r  age and s i z e  compo- 
s i t i o n  as  well as condition factor ,  and fin-marked f o r  recognition i n  
the  f ishery before being released a t  Bear Creek weir. No threespine 
sticklebacks have been detected i n  Bear Lake during f a l l  population 



sampling by electrofishing o r  a t  Bear Creek weir since the 1971 rehabi- 
l i t a t i on .  

RECOMlENDATIONS 

1. Retain the present objectives of the  study. 

2. Construct a permanent coho adult  trapping-holding f a c i l i t y  i n  
Seward Lagoon. 

3. Continue t o  investigate the  Resurrection Bay drainage f o r  potent ia l  
coho rearing pond s i t e s .  

4. Adjust the  1978 stocking density of coho fingerlings i n  Bear Lake I 
1 

according t o  emigrating smolt and residual f ingerling abundance, 
age composition and condition factor  i n  1977. 

5. Mark only 25% of Bear Lake smolt out-migrations t o  determine whether 
t h i s  reduced handling w i l l  r e su l t  i n  improved smolt-to-adult 
survival. 8. 

OBJECTIVES 

1. To determine the dis t r ibut ion,  abundance, and timing of out- 
migrant and adult  coho salmon i n  the  Resurrection Bay area. 

2. To determine the age and s i z e  composition of outmigrant and 
adult  coho salmon populations i n  selected t r i bu ta r i e s .  

3. To determine the sport  harvest and f ishing mortali ty of  coho 
salmon i n  Resurrection Bay. 

4. To determine the methods and means of increasing o r  extending 
the freshwater spawning and rearing areas of the  watershed, 
and mitigating freshwater mortality. 

5. To provide recommendations f o r  the management of  coho salmon 
i n  these waters and d i rec t  the course of future  studies.  

TECHNIQUES 

The timing and abundance of sockeye and coho smolts emigrating from Bear 
Lake downstream t o  Bear Creek weir were determined by enumerating these 
f i s h  a t  the downstream migrant trap.  Weir location and description of 
the downstream trapping f a c i l i t i e s  were presented by Logan (1969). The 
timing and abundance of adult  sockeye and coho were measured by enumer- 
a t ing these f i s h  a t  the weir 's upstream migrant trap.  Adult trapping 
f a c i l i t i e s ,  r ebu i l t  i n  1969 and modified i n  1970, were described by 
McHenry (1971). Bear Creek water temperatures and flows were recorded 
dai ly  a t  the weir. 



Age and s i z e  compositions of Bear Lake coho and sockeye smolt and re-  
s idual  coho populations were determined by weekly sampling a t  t he  weir 
and e lect rof ishing i n  Bear Lake. Age s t ruc tures  of sockeye smolt and 
res idual  coho populations were determined by length-frequency analysis .  
Age compositions of the  Bear Lake smolt and Resurrection Bay adu l t  coho 
populations were estimated by examining representa t ive  sca le  impressions 
on 0.02-inch ce l lu lose  ace ta te  with a Brunen model 200 microfiche. Age 
compositions of t he  adul t  Bear Lake sockeye and coho re turns  were not 
sampled because sockeye were known age (1.2) and wild coho produced 
below the  weir were indist inguishable from Bear Lake smolts released 
unmarked i n  1975. Size compositions of  Bear Lake's sockeye and coho 
escapements were determined by sampling most f i s h  f o r  fork length, 
weight, and sex. A l l  f i s h  sampled were anesthetized i n  a 1:20,000 
solut ion of  MS- 222 (Tricaine methanesul fonate) t o  f a c i l i t a t e  handling 
and minimize mortal i ty.  

Resurrection Bay coho spor t  harvest and angler e f f o r t  were measured by 
a s t r a t i f i e d ,  random cree l  census conducted a t  the  Seward s m a l l  boat 
harbor. Sampling design and interview method were nearly i den t i ca l  t o  
t ha t  described by Logan (1966). The average number an percentage of  
spor t  f i shing boats returning t o  the  Seward small boat % arbor were 
determined f o r  each of three  3.5-hour sampling periods extending from 
11:30 a.m. t o  10:OO p.m. Returning boats were not counted from 8:00 a.m. 
t o  11:30 a.m. because only 11.6% and 14.3% of t he  weekend and weekday 
spor t  c r a f t ,  respectively,  returned during t h i s  period i n  the  three  
years sampled (1964-19663. The mean number of boats returning during 
t h i s  morning period was extrapolated using t he  above percentages. These 
estimates were then added t o  those determined f o r  the  three  periods 
sampled t o  estimate t o t a l  da i ly  boats. Fishing morta l i ty  and catch-to- 
escapement r a t i o  of marked (fin-clipped) coho adul ts  were determined by 
extrapolating the  marked coho catch observed during c ree l  census and by 
recording marked coho i n  t h e  Bear Lake and Seward Lagoon escapements. 

An index t o  coho escapement abundance was measured by conducting per iodic  
foot surveys on seven local  index streams throughout immigration u n t i l  
peak of spawning terminated, A l l  carcasses were examined f o r  clipped 
f i n s ,  sexed, and mutilated t o  preclude recounting on subsequent surveys. 

Evaluation of Bear Lake's rehab i l i t a ted  freshwater rearing environment 
was continued by measuring the  abundance, growth and condition of 
smolts surviving from the  1973, 1974, and 1975 coho f inger l ing p lan t s .  
Smolt biomass production was calculated by multiplying t he  seasonal mean 
smolt weight per  age group by the  t o t a l  number o f  smolts emigrating per  
age group i n  1976. 

FINDINGS 

Results 

The findings presented a re  the  r e s u l t  of  the  1976-1977 research segment 
of the  project .  For a descr ipt ion of the  Resurrection Bay drainage and 
past  information col lected on the  p ro jec t ,  see Logan (1962-1969) and 
McHenry (1970-1976). 





































Table 16. ~ i n i m u m  Coho Salmon Escapement i n  Seven Index Streams i n  
the  Resurrection Bay Area, 1972-1976. 

Name of Minimum Escapement Me an 
Stream 19 72 1973 1974 1975 1976 1972-75 

Airport 15 4 2 3 2 2 4 11 

Box Canyon 59 36 2 8 8 45 3 3 

Clear 55 37 6 0 15 89 42 

Dairy 49 * 63* 114* 32 * 17* 64* 

Grouse 42 3 4 64 12 2 7 3 8 

Jar' 68 4 0 77 31 9 4 5 4 

Mayor 22 - 4 - 5 1 - 5 - 46 - 2 1 - 

Total 310 218 417 105 342 263 

* Does not include marked jacks o r  adults  returning from hatchery- 
reared smolt re leases .  

DISCUSSION 

Bear Lake has been stocked annually with coho s ince  t he  1971 lake rehabi- 
l i t a t i o n  a t  dens i t i es  ranging from 996 t o  1,013 f inger l ings  per  surface 
acre. The cumulative e f f ec t  i n  jus t  three  years C1972-1975) resu l ted  i n  
c r i t i c a l l y  overstocking Bear Lake's coho rear ing hab i ta t .  

Intense i n t r a spec i f i c  competition among f inger l ings  evidently depressed 
growth ra tes ,  lowered survivals ,  and extended rearing duration t o  a t t a i n  
smol t i f ica t ion.  Mean seasonal condition fac tors  of a l l  smolts sampled 
each year were observed t o  drop from 0.98 (1973) t o  0.90 (1974) and 0.89 
(1975). The percentage of f i x e r l i n g  plants  resu l t ing  i n  age 1.0 smolts 
a l so  decreased from 17.2% (1973) t o  14.5% (1974) and jus t  3.0% (1975). 
Similarly, biomass r a t i o s  of age 1.0 smolts produced per  f inger l ing 
re lease  declined abruptly from 8.9: 1 (1973) t o  4.9: 1 (1974) and 0.4: 1 
(1975). 



Increased s t r e s s  from overcrowding apparently l ed  t o  g rea te r  susceptibi- 
l i t y  (lowered res is tance)  of rearing f inger l ings  t o  natural  diseases i n  
Bear Lake. Though the  1975 smolt out-migration (168,036 smolts) was the 
l a rges t  ever recorded for  Bear Lake, over 91% were age 2.0 smolts i n  
r e l a t i ve ly  poor condition. Nearly 13% of the  smolt run died from "eye 
fluke" , D-ipiostomulum s athaceum,. and fungus, Saprolegnia sp  . , diseases +-- a t  the  weir. Only 1.10 of the  143,589 ~ m o l t s  released i n  1975 survived 
t o  re turn as  adul ts  i n  1976. 

A downward adjustment i n  Bear Lake's f inger l ing stocking density was 
therefore  c lea r ly  indicated from these findings. Bear Lake was stocked 
i n  1976 a t  only 505 per  acre,  o r  approximately one-half previous levels,  
t o  enhance f inger l ing growth and survival  t o  smolts. The r e s u l t ,  i n  
conjunction with the  addit ional  rearing area being avai lable  a f t e r  the 
large age 2.0 smolt segment emigrated i n  1975, was a subs tan t ia l  improve 
ment i n  growth, condition and survival  of age 1.0 and 2.0 smolts i n  
1976. Also, growth and survival  of  age 0.0 f inger l ings  stocked i n  1976 
appeared t o  be excellent .  I t  i s  ant ic ipated t ha t  a large  proportion of 
t h i s  age group w i l l  emigrate as age 1.0 smolts i n  1977. 

LITERATURE CITED 

Logan, S. M. 1962, S i l ve r  salmon s tud ies  i n  the  Resurrection Bay area. 
Alaska Dept. of Fish and Game. Fed. Aid i n  Fish Restoration, 
Annual Report of Progress, 1961-1962, F-5-R-3, 3:57-74. 

. 1963. S i l ve r  Salmon s tud ies  i n  the  Resurrection 
Bay area. Alaska Dept. of Fish and Game. Fed. Aid i n  Fish Restorati 
Annual Report of Progress, 1962-1963, Project  F-5-R-4, 6:175-194. 

. 1964. S i lver  salmon s tud ies  i n  t he  Resurrection 
Bay area. Alaska Dept, of Fish and Game. Fed. Aid i n  Fish Restorati 
Annual Report of Progress, 1963-1964, Project  F-5-R-5, 6:133-151. 

. 1965. S i l ve r  salmon s tudies  i n  t he  Resurrection 
Bay area. Alaska Dept. of Fish and Game. Fed. Aid i n  Fish Restoratio 
Annual Report of  Progress, 1964-1965, Project  F-5-R-6, 6:129-145. 

. 1966. S i l ve r  salmon s tudies  i n  the  Resurrection 
Bay area. Alaska Dept. of Fish and Game. Fed. Aid i n  Fish Restoration1 
Annual Report of Progress, 1965-1966, Project  F-5-R-7, 7:79-99. 

. 1967. S i lver  salmon s tud ies  i n  the  Resurrection 
Bay area. Alaska Dept. of Fish and Game. Fed. Aid i n  Fish ~ e s t o r a t i o n i  
Annual Report of Progress, 1966-1967, Project  F-5-R-8, 8:83-102. 

. 1968. S i l ve r  salmon s tud ies  i n  the  Resurrection 
Bay area. Alaska Dept. of  Fish and Game. Fed. Aid i n  Fish Restoration, 
Annual Report of Progress, 1967-1968, Project  F-5-R-9, 9:117-134. 




	TABLE OF CONTENTS
	ABSTRACT
	BACKGROUND
	RECOMlENDATION
	OBJECTIVE
	TECHNIQUES
	FINDINGS
	Results
	Bear Lake Downstream Migration
	Other Species
	Resurrection Bay Coho Harvest and Effort
	Bear Lake Upstream Migration
	Other Species
	Adult Coho Timing and Abundance in Index Streams
	Fin Marked Coho Returns

	DISCUSSION
	LITERATURE CITED

	Text1: 
	Text2: 


